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bombardment. This allows sameone ta optimize their skills with the particle gun quickly. 
Bombardment of embrvogenic callus cultures should produce several hundred to several 
thousand spots. Note: vou need a dissecting microscope to see the anthucyanin-pigmented 
cells.) fhe number of spots ceflects both the gene transfer efficiency and the expression 
level of the plasmid transferred —a poorly expressed plusmid will not produce very many 
colored cells. 

Once vou can use the particle gun efficiently as measured by transient assays, the 
next step is to use a nonregenerable Black Mexican Sweet (BM{S) suspension culture as 
the target for stable transformation studies. This will require the use of a selectable marker 
plasmid (discussed below) and selection for a period of 4-8 weeks. The reason for using 


BMS cells for training is that BMS cells are at least 100- fold easier to transform relative 


to regenera. le embrycrenic cells. This allows even suboptimal procedures to produce 
positive transformation-results while at the same time providing a useful training exercise 
in selection conditions that will be applicable to the regenerable cells. Additionally, learning 
to routinely transform BMS cells is a valuable skill as many gene expression questions 
can be answered in this system quickly and efficiently. Note that anthocvanin induction 
by expression of the C1 and B cDNAs is very dependent on the BMS culture source, with 
the EGS BMS culture working the best (Tabie 122.1). 

There are a number of selectable markers available. preferably expressed from the 
vectors that give the highest expression. The ideal selectable marker allows the transgenic 
corn cells to grow rapidly in the presence of a metabolic inhibitor that prevents the growth 
of all the nontransgenic neighboring cells. The more efficient this process the quicker 


‘the growth of the transgenic calli can be observed and.the less labor required to reach 


this stage. The essence of the selection dilemma is that initially the transgenic cell is 
surrounded by nontransgenic cells. Stringent selection pressure will cause these neighboring 
cells to die too quickly. and this will kill the rare transgenic cells. too. Therefore, the 
secction pressure and selective agent need to be mild enough. at least initially. so that 
the unhealthy nontransgenic cells do not inhibit the division of the transgenic cells. As 
the number of transgenic cells increases. this gets to be less of a problem. Because the 
stable transformation efficiency is low. quite a large number of cells are bombarded. These 
cells can rapidly grow into more plates of tissue than can be easily handled. so a selective 
agent that effectively inhibits growth quickly helps reduce the amount of tissue culture 
labor required to recover the transgenic calli. 

The various selectable markers used successfully in monocots are genes encoding 
the neomycin phosphotransferase II. hygromycin phosphotransferase. acetolactate synthase 
{ALS}. and phosphinothricin acetyltransferase (PAT) activities. Of these. I would 
recommend using the bar gene encoding the PAT enzyme. The ALS gene is a very efficient 
marker in tissue culture but appears to have a detrimental effect in some of the transgenic 
plants. The bar gene-encoded PAT enzyme detoxifies. via acetylation. the herbicide 
phosphinothricin (PPT). the active ingredient in the herbicide BASTA. An alternative 
active form of this herbicide is bialaphos: PPT with two alanyvi groups attached. Bialaphos 
is activated to PPT in the plant cell and is then acetylated by the PAT activity. There 
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are relatively comvenment enz vite assays for PAE activity, and the plants can be scared 
phenotypically bv painting a teal with the herbicide. 

in addition to the esperence with transient and stable transformation systems above. 
one needs to learn how to establish embreogenic maize callus and suspension cultures 
This is fully discussed in other chapters in this volume. The use of A188 and AISA 
hvbrids, such us A188 + B73. greatly lacilitates the embrvogenic response. and success 
at establishing embcvogenic callus cultures is likely an the first attempt. Establishing 
embrvogenic suspension cultures is more difficult and takes several months. 

The following protocol for producing transgenic corn plants assumes that embryogenic : 
callus or a suspension culture has been established recently. within 1-6 months for callus 
cultures and 3-9 months for suspension cultures. {As the cultures get older. plant 
reveneration and fertility decrease]. The protocol also assumes that transient assays have 
been used to obtain efficient gene transfer conditions and that BMS stable transformations 
have been carried out to demonstrate that the vector and selection system are functioning 
properly. This protocol assumes that the bar gene is being used as the selectable marker. 
The use of a selectable marker plasmid with a second gene that expresses GUS facilitates 
identifying the transgenic calli. Alternatively. co-transformation with a second plasmid 
encoding GUS can be used. 


PROTOCOL FOR PRODUCING TRANSGENIC MAIZE PLANTS 


wa ¢ . 


ee 


Day 1. Bombardment of the Target Cells 


* 
“ge 


Fs eR At dl Land ees ae 


1. Place embrvogenic callus on N6 avarose medium or suspension cultures on paper 

filters on N6 agarose medium. Try to make a thin lawn of tissue in a circle of about 

5 om diameter. (Because gene transfer is on the surface of the tissue. the extra thick- 
ness just gives extra cells to select against.) 


+ Bombard the tissues with the DNA-microprojectile preparation and particle gun pa- 
rameters that gave the best transient assay results. Up to three bombardments of the 
same sample can often increase the transformation efficiency. 


Days 1-14. Start Selection on Media Containing Bialaphos 


1. Allow the bombarded cells to grow without selection pressure for 1-14 days. typi- 
cally 2-7 days. This step is probably an important variable and several different times 
might be chosen to find out what works best for a given culture. Suspension culture 
cells can be placed back in suspension during this time or grown on solid media. 


2. Transfer the cells tu medium containing Bialaphos. (Note that PPT is not effective 
when the medium contains amino acids. while Bialaphos is effective even with amino 
acids present.) The recommended starting point is 1 mg/liter Bialaphos (1 mg/liter 
Bialaphos active ingredient if using a herbicide formulation}. Usually the cells will 
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cored continue to grow the first time thes ace placed on selective media as they have a 
metabolic ceserve pool and the Bialaphas takes same lime to become effective. This rn 
‘ bove. - vrowth is cell density-dependent, with higher densities giving more growth. 
tures. | 
A188 Week 3—4. Transfer Cells to Fresh Selective Media 
iCCeSS 
shing When the cell density on the first selection plates becomes too much for further efficient 
selection (more than 25%) of the tissue size of the maximum number of cells that can 
genic grow on the same media without Bialaphoas). replate the cells by gently flattening and 
rallus spreading the tissues on fresh selective plates (one original plate will end up on several 
plant new plates to reduce the tissue density) containing 1-3 mg/liter Bialaphos. This second : 
have plating will usually inhibit cell growth enough to observe growth of the transgenic calli 
‘ations above the background of “flat” nougrowing cell clusters. 
ning | 
irker. Weeks 6-10. Isolate Individual Transgenic Calli 
itates . 
ismid Transgenic calli become obvious by their faster growth and size at this stage. Pick ob- 
viously growing calli onto fresh selective plates. Observe the remaining calli on the se- 
lective plate to see if slower-growing transgenic calli appear later. Sometimes. if too much 
srowth has occurred, all the cells must be repl.ted to fresh selective plates to allow 12 
weeks for transgenic calli to appear. 
Weeks 8—12. Increase Amount of Individual Transgenic Calli 
yaper Continue to graw individual callus lines on selective media to increase the amount of 
tbout naterial to initiate large-scale regeneration efforts. Once resistant calli have been ob- 
hick- tained it is important to verify that they are transgenic. at least when establishing the 
svstem. as it takes some time to regenerate the plants and analyze them. These tests should 
simply confirm that the calli are transgenic. with the more extensive analysis saved for 
1 pa the plants. The easiest first test is to measure enzyme activities. especially if the select- 
f the able marker plasmid also carried a second scorable marker like the GUS gene in pBARGUS, 
or was co-transformed with the GUS gene. However. the GUS gene might not always be 
present or expressed. so PAT assays of the bar gene selectable marker are also possible. 
Alternatively. the DNA can be analyzed by PCR oc Southern Blot. (Note that the antho- 
; cvanin markers are still unproven a» visual markers when expressed from promoters other 
| spe than their own in stably teansformed embrvogenic cells—these should be used cau- 
sala tiously. if at all. until proven to be nondetrimental to the cells and plants.) 
ture ; 
a: Weeks 10~14. Start the Regeneration Process 
stive 
nino The regeneration process ts identical to published procedures for nontransgenic calli ex- 
‘liter cept that selective pressure is usually maintained. The key concern is that some of the 
will transgenic calli consist of a mixture of transgenic and nontransgenic cells. This can lead 
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to a predominance at nontransvenic plants during regeneration. Fortunately. selection 
pressure during regeneration inhibits the noatransgenic shoots and facilitates the recov- 
ev of the transgenic plants. Some af the calli appear to consist entirely of transgenic 
cells and give rise to transgenic plants without selection pressure. Probably the best strat- 
vay is to regenerate both with and without selection. using PPT or Bialaphos levels sim- 
ilar to those used to originally recover the calli (1-3 mg/liter). If you obtain plants on 
selection. they most likely are transgenic. If vou only obtain plants without selection. 
you might need to screen the plants. Fortunately. the BASTA leaf painting assay is easy 
and gives results in 3 davs on which plants are transgenic. Alternatively, enzymatic or 
DNA analysis can be performed. 


Weeks 14-18. Regeneration Produces Plantlets 


The most difficult step is getting the plantlets into soil and into the greenhouse. The 
cuticle of the plants is very thin after the high-humidity conditions in tissue culture. 
Therefore, high-humidity conditions need to be used when first transplanted to soil. This 
is followed by a slow lowering of humidity before transfer to the greer house. Fortunately. 
humidity control can be achieved with simple closed plastic containers. with gradual 
opening of the system to the air by progressively propping open the lid over several days. 


\fonths 6~7. Plants Reach Fertility 


Quite frequently transgenic plants are male and female fertile. However, tissue-culture- 
derived plants are often male sterile. Even in the cases where the transgenic plants are 
male fertile. it is a good idea to cross the transgenic ear with pollen from a normal non- 
tissue-culture-derived plant to increase the vigor of the progeny. Self-pollinations can be 
done in the next generation. 

A less-frequent problem encountered in plants regenerated from older tissue culture 
lines is that the endosperm does not develop fully, causing the kernels to abort 2-3 weeks 
after fertilization. This problem can be recognized by noticing that the seeds stop en- 
larging {it does not damage the ear to peel back the husk to look at the kernels. and then 
just cover the ear again) and that they seem hollow when pressed. Dissection will show 
that the endosperm has stopped growing or even shriveled. Fortunately, the embryo is 
normal and can be rescued by dissection and germination in the medium used for the 
regeneration process. 


Months 7—9. Transgenic R1 Seeds Obtained 


They can be stored and germinated as normal maize seeds. 
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Q. what was the hybridization probe that was 
used in this experiment? 
A. In this case the luciferase probe was used, I 


believe. 


: And how do you distinguish the control from 
the transformed plant? 

A. In this case the control should have no 
hybridizing bands because corn does not have its own 
luciferase gene. And so the presence of these bands 
in the other lines indicates that indeed the 
luciferase gene is present. 

, To the best of your recollection, when was 
the bombardment done which gave rise to the 
transformed RO plant designated pALSLUC-3? 

A. Probably sometime in early ‘88, I would say, 
or so. 

. And on what basis do you conclude that that 
bombardment was done in early ‘88: 

A. well, I left USDA Plant Gene Expression 


Center in like the summer of ‘89. It was probably 


more like maybe the summer of ‘88, around there. In 


other words, when I was leaving the Plant Gene 
Expression Center we already had plantlets from that. 
Q. Plantlets from what? : , 
A. Luciferase positive plants from material that 
was bombarded with pALSLUC. So the selection 
experiments and everything else robably were for that 


particular _-- those particular plants were probably 
initiated Ms in the summer of ‘88, I believe. 
Q. Okay. 


A. The dates I'm really not good at. 

Q. Yesterday you testified that Dr. Sanford's 
gene la was a revolutionary technique. Is that your 
belief today? 

A. Absolutely. 

MR. PARKER: Objection, misstates the 
testimony from yesterday and leading. 

Q. pr. Klein, did you testify yesterday that 
Dr. Sanford's gene gun technique was a revolutionary 
technique? 

A. As I recall, yes -- 

MR. PARKER: Objection. Leading and 
again misstates the witness. 


MR. BROWN: Let the witness finish his 
objection, counsel. 

MR. PARKER: I have to get my objection 
out before the witness answers. That's the problem 
here. The witness is answering before I'm allowed to 
object. Is it inappropriate? | 

MR. BROWN: It's inappropriate for you 
to make an objection during the witness’ answer. If 
you chose not to make an objection before the witness 
answered, wait until he answers to make your 
objection. 

MR. PARKER: I think, if we can go back 
and play the tape, you'd find very clearly that the 
witness began answering before the question was 
ending. I was trying to -- 

MR. PEET: Let's just continue. 

MR. PARKER: I was trying to allow 


Mr. Peet to finish his objection. 
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MR. DI SALVATORE: Objection. 

MR. JANSEN: Objection. Lack of 
foundation. Mischaracterizes the witness' prior 
testimony. Also argumentative. 

MR. DI SALVATORE: The question was 
asked and answered. 


Q. I don't think they like my question, do you? 

A. IT like your question. ny answer it if you 
want. 

Q. Okay. 

A. what was the question? | : 

(The requested portion was read.) 

| THE WITNESS: Again, I just say that's 
not the purpose of this article, that the purpose is 
specifically to show gene transfer and levels of gene 
transfer that are possible. It suggests the type of 


tissue that you would use. It demonstrates the. 
parameters that you would use to bombard that tissue. 


And that's all I can say about it because that's the 
purpose of it. | : 
BY MR. PARKER: 

Q. Now, when you say that wasn't the purpose of 
it, do you mean that wasn't the purpose to prepare 
fertile transgenic corn -- 

A. That was the purpose of -- 

Q. -- that is shown in this 1988 PNAS article? 

MR. PEET: Objection. 

A. T disagree with that. 

Q. I'm trying to clarify what you meant when you 
said that wasn't the purpose. 

A. when did I say that? 

MR. PARKER: Could you go back and read 
his answer to him? 

MR. DI SALVATORE: It would help if you 
asked the question and let him answer it. 

THE WITNESS: ASk me -- I don't want to 
go into a long lecture. 

MR. PARKER: Could you go back where he 
said, "that wasn't the purpose of this paper’? 

(The requested alg! was read.) 

THE WITNESS: That's the purpose of it. 

MR. PEET: Is there a question now? 


| MR. PARKER: There will be. 
BY MR. PARKER: | 
Q. when you said, again, "that's not the purpose 
of it," my question is: What were you referring to 
when you said that's not the purpose? 
MR. PEET: Objection. Asked and answered 
and vague. : 
| MR. PARKER: I just want to know what 
this witness meant by his answer. I'm trying to © 
unvague his answer. 


A. Let me say it one more time. 
Q. All right. Lh 
A. That the experiments in this paper describe 


using the gene gun and optimizing parameters with the 
gene gun for the purpose of demonstrating high levels — 
of gene expression in embryogenic tissue. The purpose 
of that is to then be able to have parameters that you 
can use to produce fertile transgenic corn. 
Q. Right. But the purpose of the PNAS article 
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was not to demonstrate the preparation of fertile 
transgenic corn, correct? 

MR. PEET: Objection. 
A. I would say it was one of the steps. Its 
purpose is to demonstrate, again, one of the prime 


most important parts of the production of fertile 
transgenic plants. | | 

. And I'd like you to confirm for me that this 
june 1988 PNAS article does not show the obtaining of 
a fertile transgenic corn plant? | 

A. Right. That's true. I would agree with 
that. 

Q. Now, you mentioned -- 

A. And that's not -- that's all I have to say. 

Q. You're going to say that's not the point of 
it? : 

MS. SIEGELL: No. 

A. No. I'm not going to Say... 

; Now, I believe you testified that this paper 
shows very high level of expression in embryogenic 
tissues? 

Pes Mm-hmm. 

Q. where does it show very high levels of 
expression in embryogenic tissues? | 

A. I would say figure 3. Some of those lanes 
are embryogenic tissue. 

Q. well, such as in column D? That was lacking 
DNA? 

A. D is control. Probably £ and F. 


; well, in fact, in Table 2 you measure the 
level of expression, correct, on the previous page? 
A. Right. That's probably one of our first 


experiments. 

: And Table 2, which is much more quantitative 
than Figure 3 -- correct -- Figure 3 is not intended 
to be a quantitative experiment, is it? 

A. Sure, it is. I mean -- 

Q. Don't you have to cut out the spots and 
measure -- 

A. People put it on a densitometer too and just 


visualize the spots as well. 

Q. sort of eyeball it? 

A. Yes. 

Q. But isn't Table 2, in fact, the more 
quantitative assay? 

A. It gives specific numbers. 

Q. And in Table 2 aren't you, in fact, reporting 
at least an order of magnitude lower expression of 
these genes and the embryogenic tissues as compared 
with the nonregenerable BMS tissue? 

MR. DI SALVATORE: Objection to the 7 
form. The document says what it says. why don't you 
read what the document says. Take your time, 


Dr. Klein, and review it. 

A. It looks like we're getting infinitely higher 
activity in the treatments than in. the control. So 
we're doing pretty well. . 

_ Well, infinitely higher because you report . 


zero in the control; right? 
A. 


Yes. 
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Klein, Theodore (1998-1-21 15-39) 
you see that? 


A. YeS.. . 
Q. who is S. J. Peloquin? a 
A. He was a professor at the University of 


wisconsin. So he's a member of the National Academy 
of Sciences, or was. And so you would send a paper to 
him and he would distribute it to referees. 

: Okay. In Exhibit 63, as I indicated, that 
was communicated on August 15th, 1988, on the last 
page of it, it says in this paragraph, Dr. Klein -- 

A. Yes, okay. 

Q. -- "Recent experiments using bombardment 
arameters similar to those described in this report 
hve allowed the recovery of stably transformed callus 
gs suspension culture cells of maize Cunpublished 

ata)." 


First of all, is that a true statement? 


A. Yes. 

Q. And do you recall what that data was? 

A. I believe it was in embryogenic cultures of 
maize. 

Q. And this work would have been the work at the’ 
USDA? 

A. Yes. 


Q. Now, do you recall, Dr. Klein, that 
previously we had marked for identification Exhibits 
12 and 13? They should be in your stack there. 

A. Yes. 

Q. why don't you pull them out for a second? 

And Exhibit 12, again, is the May 1988 
article in Biotechnology and Exhibit 1 is_ the June ‘88 
article in the proceedings of the National Academy of 
Sciences? 

A. Yes. 

Q. And, again, you were an author on both those 
articles? 

A. Yes. 

: and, in fact, you were the lead author on 
both those articles; correct? 

A. Yes. 


And the purpose of those two articles, 
Exhibits 12 and 13, was to disclose to individuals in 
the article the procedures necessary for the 
transformation of maize cells? 

A. Yes. 

MR. PARKER: Objection, leading. 

Q. And that was procedures that would be useful 
for the production of a fertile transgenic maize 
plant? 

A. Yes. 

MR. PARKER: Same objection. 
Do you believe that based upon the teachings 


; Q : 
in Exhibits 12 and 13 a person of skill in the art as 


of at least the latest of the publication dates, June 
of '88, reading these articles would be able to 
perform experiments wherein the result would be the 
preparation of a fertile transgenic maize plant? 

A. Yes. | . 

Q. Using the information in Exhibits 12 and 13? 

A. Yes, assuming that they had further knowledge 
of maize tissue culture. Yes. 
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Q. But that was the maize tissue culture 
articles, for example, that you had referred to? 

A. Yes. | 

Q. For example, the Tomes article? > 

A. Yes. 


Q. And, indeed, do you recall that you referred 
to these articles, Exhibits 12 and 13, in your article 
No. 11, which is the article with Dr. Fromm? 

A. That's correct. | | 

MR. PARKER: Objection, leading. 

Q. Let me mark as Exhibit No. 64.a document 

which bears the Bates number D409. 
Do you recognize that document? 
(Klein Deposition Exhibit No. 64 was 
marked for identification.) 
THE WITNESS: Yes. 
BY MR. JANSEN: 

Q. what is Exhibit 64? 

A. It's a letter from Stephen Johnson from Duke 
University to myself. 

Q. And what is the subject matter of the 
letter? 

A. It's discussing results from yeast 
experiments, yeast transformation experiments by 
particle bombardment. 

Q. Let's see it for one second, Dr. Klein. 

In the letter Dr. Johnson says, “well, 


we finally have something that is near completion.” 
Do you recall what that was? 

A. I think the paper that he was preparing 
relating to the yeast results. 

. And did Duke eventually successfully 
transform yeast? 

A. Yes. well, we did it first at Cornel] in 
collaboration with Stephen Johnson. And then they got 
a gun and continued that work. So they put all that 
data together into a publication that was published in 
Current Genetics. 


Q. Do you recall when that successful 
transformation of yeast occurred? 
A. Again, it was while John Sanford was down at 


Duke University. 
. Do you recall what period of time Dr. Sanford 
was down at Duke University? 
A. No, not really. I don't recall the exact 
time we did those experiments. 

Okay. Let me hand you a document marked for 
identification as Deposition Exhibit No. 65, and ask 
if you recognize this document. 

| (Klein Deposition Exhibit No. 65 was 
marked for identification.) | 7 


MR. JANSEN: Yes. 
BY MR. JANSEN: 
Q. What is Exhibit 65? 
A. It's a review article published in Genetic 
Engineering Principles and Methods. | 
. And you're the author of Exhibit 65, or 
you're one of authors? | | 
A. One of the authors, yes. 
Q. And this has a publication, a copyright date 
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